IntrOduCtIOn
The current paradigm for the management of rheumatoid arthritis (RA), in both clinical and research settings, is epitomised by the treat-totarget strategy 1 2 which establishes that the target of remission, or at least low disease activity, should be pursued and achieved as early and consistently as possible. This target is defined essentially by measures designed to gauge the disease process: number of tender and swollen joints and acute phase reactants supplemented by the patient's and physician's global impression of disease activity. 3 The incorporation of patient-reported outcomes (PROs), designed to provide the patient's perspective of the disease [4] [5] [6] [7] [8] [9] into clinical practice and research, is widely supported by international organisations and professional groups. 2 4 10 Many studies have shown that the control of inflammation through immunosuppressive therapy has a markedly positive impact on PROs: controlling the disease process is, undoubtedly, as important to prevent long-term damage as to improve patients' quality of life (QoL). 2 4-6 11 12 Despite this, a sizeable proportion of patients with RA who are in remission still describe a high impact of disease 13 14 and reduced QoL. 15 Our group has recently highlighted this view by proposing that the management of RA should pursue two different targets: disease process remission and disease impact control. 13 14 Controlling the disease impact, in terms of quality and duration of life, are the final objectives of disease management, while controlling the disease process should be seen as an important means to that end, but not a guarantee.
Within this perspective, the concept of overall subjective well-being, equivalent to 'happiness', emerges as a decisive goal as well ('the ultimate currency'). [16] [17] [18] All healthcare professionals know patients who lead a reasonably happy and fulfilling life despite aggressive disease, while others seem to succumb to the diagnosis. Understanding the main determinants of happiness in patients with rheumatic diseases and exploring the potential avenues to maximise it is, in this light, an ethical obligation. Curing or controlling disease is, certainly, an essential contribution, but we need to understand how far disease control can go towards happiness and whether health professionals may contribute to that goal beyond disease control.
Happiness includes different aspects of life such as life satisfaction, healthy interpersonal relationships, personal growth and appreciation of nature, beauty and other people, resulting in a global predominance of positive emotions over negative ones. 16 17 QoL is more focused on physical functioning and negative mental aspects, such as depressed mood and anxiety. 18 19 Happiness is, therefore, a broader concept than QoL, as it goes beyond the ability to do things and incorporates the satisfaction of doing them, that is, the enjoyment of life as a whole. 18 19 Personality is recognised as a key factor in predicting happiness, 16 20 21 as it provides the context in which the roots of happiness operate. 22 Although happiness levels may be negatively influenced by the experience of living with a disease, especially if it has a chronic course and causes a marked impairment in daily functioning, several studies in this area have also demonstrated that happiness may have a positive impact on physical health and longevity. This has been mostly attributed to its effect on the perception of impact disease and on the engagement in health-related behaviours. 18 Based on the previous literature, this study was designed to address the following hypotheses in patients with RA: ► H 1 -Disease activity and perceived impact of disease are negatively associated to overall QoL and happiness; ► H 2 -'Positive' personality traits are related with happiness, both directly and indirectly through perceived disease impact; ► H 3 -Happiness has a mediating effect in the relation between impact of disease and QoL.
MetHOds

Participants and study design
We used data from an observational, cross-sectional study, performed in a single rheumatology outpatient department, 14 that aimed at exploring the determinants of patient global assessment. The study included consecutive adult patients with RA 23 24 who (1) were followed and treated according to standard guidelines, (2) had the ability to read and interpret the questionnaires applied, and (3) agreed to participate. The current analysis included data from patients who answered all measurements required.
All participants provided informed written consent before the start of study procedures, and the ethical approval was granted by the University of Coimbra's Faculty of Medicine Ethics Committee (CEU 037/2015).
Measures/instruments
Data collection included the Rheumatoid Arthritis Impact of Disease score, 25 26 which is composed of seven items rated on a 10-point numeric rating scale. A higher score indicates greater impact of the disease. Happiness was assessed through the Subjective Happiness Scale (SHS), 27 a four-item measure (seven-point Likert scale). A higher mean score indicates more intense perception of a 'happy life'. Personality was assessed by the Ten-Item Personality Inventory (TIPI), 28 a brief measure of the Big-Five personality dimensions, each being scored as the mean of two items (seven-point Likert scale) addressing extraversion, agreeableness, conscientiousness, emotional stability and openness to experience. Higher scores indicate a stronger expression of the respective trait. We designated the latent higher order factor derived from TIPI as 'Positive' personality to represent the predominantly adaptive nature of the represented dimensions. We recognise that the term 'positive' is questionable especially in the extremes of expression of certain traits, such as conscientiousness. Health-related QoL was accessed by the EuroQOL (EQ-5D) questionnaire, which includes five dimensions (mobility, self-care, usual activities, pain/discomfort and anxiety/depression). Each dimension has three levels: no problems, some problems and extreme problems. The combination of the five scores leads to an index score between −0.59 and 1.00. 29 Higher scores indicate a best perceived health status and QoL.
Disease activity was measured with the Disease Activity Score 28 joints (DAS28), in its three variables (3v) and C reactive protein (CRP) variant-DAS28CRP(3v). 30 For patient's characterisation, demographic data, disease characteristics, comorbidities and current treatment were collected.
data analysis
Descriptive and correlational analyses were performed with SPSS V.23 (IBM). Pearson correlation analyses were conducted to examine the associations between disease activity, measures of disease impact, personality traits, QoL and happiness and interpreted as small (0.10 to 0.30), moderate (0.30 to 0.50) or large (>0.50). 31 Structural equation modelling (SEM, latent variable structural model) was used to estimate the association between the variables under analysis in the theoretical model and performed with AMOS V.24.0 (IBM SPSS, Chicago, Illinois, USA), using a maximum-likelihood estimation. SEM defines latent variables (summary constructs) from one or more observed variables and examines in a structured way models specifying relationships between these latent variables.
Prior to this analysis, the assumptions of normality and multicollinearity were confirmed. Skewness values ranged from −0.93 to 0.98, while values of kurtosis ranged from -1.1 to 1.29, indicating no violation of univariate and multivariate normality. 32 Variance inflation factor values were below 5 for all variables included in the model, excluding multicollinearity as an issue.
As recommended, different goodness-of-fit indices were used to estimate the model fit, namely (1) the χ 2 , (2) the Comparative-of-Fit Index (CFI), (3) the Goodness-of-Fit Index (GFI), (4) the Tucker-Lewis Index (TLI) and (5) the root mean square error of approximation (RMSEA). A good fit of the models was assumed when the ratio of χ 2 to its df was less than 3.0 and CFI, GFI and TLI were larger than 0.90 33 ; RMSEA values <0.06 were considered ideal and values between 0.08 and 0.10 were considered acceptable. 34 Four covariances were entered in the measurement model following modification indices examination/analysis.
The examination of the structural model included a test of the overall model fit as well as individual tests of the relationships among latent constructs. Statistically significant effects were assumed for P <0.05. Other paths with theoretical and clinical plausibility were also tested (DAS28CRP3v→happi-ness; 'positive' personality→QoL). Non-significant paths were excluded, and the initially proposed model was readjusted accordingly. Furthermore, the bootstrap resampling method, with 700 bootstrap samples and 95% bias-corrected CIs around the standardised estimates of total, direct and indirect effects, was used to test the significance of the mediational path. 35 To address the potential bias due to missing data, we tested a model-based missing data method (full information maximum-likelihood), which did not show significant differences. In the end, we preferred to use only truly obtained data.
results
Patient characteristics
This study included 213 of the original sample of 309 patients with RA due to missing data. Baseline demographic and clinical characteristics of patients are presented in table 1. Participants were aged between 27 and 88 (M=57.8) years and had a mean disease duration of 11.8 years. Around one-third (n=69, 32.4%) of patients had no identified comorbidities. The mean DAS28CRP3v was 2.48, with 59.6% (n=127) of patients being in remission according to this index.
Clinical and epidemiological research Correlation coefficients
Pearson correlation coefficients for the measured variables are presented in table 2.
As expected, QoL was found to be strongly and inversely correlated with impact of disease.
The personality traits extraversion, emotional stability and openness to experience were associated, with low correlations, with QoL and with virtually all aspects of impact of disease. Openness to experience was not associated with sleep. All happiness items except item 4 presented moderate positive correlations, with QoL; low to moderate positive correlations with all personality traits, except for agreeableness (not significant at SHS 1 and 3); and negative correlations, with impact of disease. Finally, DAS28CRP3v showed moderate associations with impact of disease (positive correlation) and QoL (negative correlations), low correlations with happiness and no significant correlations with each personality trait.
The fourth question of SHS (which was a complex item with a negative formulation and reversed scoring) showed a totally discordant profile vis-a-vis the other three (ie, harming internal consistency of the SHS Impact of disease showed a significant negative direct relation with QoL (β=−0.70; P<0.001) and happiness (β=−0.17; P=0.02). Impact of disease was higher with higher disease activity (DAS28CRP3v) (β=0.36; P<0.001) (table 3 and figure 1 ).
Moreover, disease activity had also a negative indirect effect of −0.26 (P=0.003) on QoL, through the perception of impact of disease (table 4) . 'Positive' personality traits had a total effect of 0.56 on happiness, being a direct effect of β=0.50 (P<0.001) and an indirect effect of β=0.06 (P=0.03) through impact of disease.
'Positive' personality traits showed also a negative direct relation with impact of disease (β=−0.37; P<0.001), and an indirect effect of β=0.33 (P=0.004) on QoL, through the impact of disease (tables 3 and 4 and figure 1) .
'Positive' personality and disease activity explained 27% of the variance of impact of disease (R 2 =0.27) (figure 1). H 3 -Happiness has a mediating effect in the relation between impact of disease and QoL.
Impact of disease had a total effect of 0.72 on QoL, of which β=−0.02 (P=0.04) was an indirect effect through happiness, indicating a mediating influence between this relationship. Furthermore, there was a significant direct association between happiness and QoL (β=0.13; P=0.01) (tables 3 and 4 and figure 1).
Disease activity had a negative indirect effect of β=−0.06 (P=0.04) on happiness, through the perception of impact of disease (table 4) .
Altogether, happiness and impact of disease explained 57% of the variance of QoL (R 2 =0.57), and 35% of the variance of happiness (R 2 =0.35) was explained by impact of disease and personality traits (figure 1).
dIsCussIOn
This study provides a comprehensive model that illustrates the relationships between disease activity, impact of disease, personality traits, QoL and happiness in people with RA. Overall, the results show that happiness is related to a 'positive' personality and, to a small extent, to the perception of impact of disease. The latter was, in turn, positively related to disease activity and Impact of disease Pain (1) 1.00
Functional disability (2) 0.82**
1.00
Fatigue (3) 0.76** 0.82** 1.00
Sleep (4) 0.66** 0.69** 0.71** 1.00
Physical well-being (5) 0.75** 0.82** 0.84** 0.73** 1.00
Emotional well-being (6) 0.71** 0.72** 0.77** 0.75** 0.85** 1.00
Coping ( Unstandardised direct effects come directly out of the estimation procedure. Due to the metric differences of the instruments, in this case, standardised direct effects should be preferred to indicate the strength of the associations (magnitude between −1 and +1). Higher absolute values indicate a stronger (positive or negative) association. An absolute critical ratio >1.96 reflects that path coefficients are significant at the 0.05 level. DAS28CRP3v, Disease Activity Score using 28 joints and C reactive protein and three variables; SHS, Subjective Happiness Scale. mitigated by 'positive' personality with very similar weights. Our findings also show that happiness mediates (and mitigates) the association between impact of disease and QoL. Impact of disease has a stronger relation with QoL than with happiness, further supporting the distinct nature of the latter two concepts. Taken together, these findings imply important clinical implications. Assuming that the perceived impact of disease is, in itself, a valuable treatment target, the model suggests that healthcare professionals should consider personality traits while making the best efforts to control the disease process. In fact, disease activity and personality explained around 27% of the variance in perceived impact, with similar weights for each.
Clinical and epidemiological research
If quality of life is elected as a high-priority treatment objective, 8 the perceived impact of disease should be acknowledged as major determinant, 36 37 but, to a lesser extent, happiness should be considered an ameliorating factor as well. Happiness has been shown to be related to QoL 38 39 and to a variety of better health outcomes, also in a prospective study. 39 If happiness is taken as the ultimate goal of disease management, the model suggests that personality traits are the most important determinants, with small influences of perceived impact of disease and QoL. The relationship between personality traits, most clearly extraversion, and happiness is well established in the literature. 16 20 21 Our results highlight that this association persists even in the presence of a severely impacting disease, such as RA. Four personality domains seem particularly important in this association: extraversion, emotional stability, conscientiousness and openness to experience. Multiple potential mechanisms may explain these associations: the ability to establish positive personal relationships, 40 to adopt positive attitudes in life's challenging events 41 42 and to accept novel attitudes and unaccustomed values 16 have all been shown to be important ingredients of happiness. It is easy to conceive that they become even more important when facing such a challenging health condition. According to our model, the disease activity control on happiness is indirect, through perceived disease impact, and accounts only for ~6% of its variance.
Our results should be interpreted while taking into account some limitations. First, although the sample size and the diversity of patients' characteristics were satisfactory, the recruitment was performed in a single centre, which advises caution in results' generalisation. Second, this was a cross-sectional design, not allowing testing causal relationships: longitudinal studies are thus indispensable to further assess the associations suggested here. Third, although we have accessed the presence of some comorbidities, we did not use a validated index for that purpose. This precluded the inclusion of this variable in the statistical analyses, despite its potential confounder effect. Fourth, all variables of this study are also influenced by other factors, such as material wealth, occupation and loneliness, which were not accounted for in the present study, as it was focused on exploring the relevance of disease activity. Finally, the reader should take into account that the concepts of happiness and QoL herein should be interpreted according to the instruments used to define them.
In summary, our results indicate, in line with a substantial literature, that personality traits have a considerable influence on how impactful/disrupting patients perceive their disease to be, with decisive consequences on their QoL, and also on how happy they feel towards life. Taken together, our observations indicate that treatment strategies focused solely on the control of disease activity can be expected to have only a limited impact on QoL and a probably minor effect on happiness. Personality traits represent another realm of potential intervention towards minimising the effects of disease on patients' lives. They seem to be as important as disease control regarding QoL and more important than the disease process if happiness is taken as the ultimate goal. Fully gauging these dimensions would require a more detailed evaluation of patients and a wider scope of interventions than usually done in rheumatology practice.
This can only be attained by multidisciplinary teams working to optimise RA management through tight control of the disease process and also by exploring the full potential of interventions beyond immunosuppression. Within this context, appropriate pain control and non-pharmacological interventions, such as patient education, counselling and support 43 44 and occupational therapy, 45 deserve additional consideration. Interventions in the scope of the positive psychology movement, including 'third wave' cognitive-behavioural therapies designed to boost resilience factors such as acceptance, mindfulness, positive affect and happiness, 46 47 may be of paramount importance for the individual patient's global health and enjoyment of life. 
